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Abstract
'Cilonii- patterm on Europa are ii lucticecl lit lAid strew An import silt well--
nilir iis1 we totlOilt in ats tiated with lho 'cbital on	 rieits, whi6	 lucia, it
Ciiit lilt sta ying stress as Jupiter 5 apparent position ill opas th y c cillafs to
longttodo. yc tidal Iiueaments intent to have formed at eraeka propagated in Ilik
ilitnally rating cilia held. Maps of thitorethal c ycloid pal leans Capt Iii' many of
[hr cllatactcriatil'n of 11w obra'rsted distribution on Enispa. 1-lowever. a [ate details
of the barced it ticloid distnhtttiori have not trait repitidticed by op-cmos models.
Recant la, it has lana shown that Europa has a finite fdnits.i obliquity. so Jupiter's
apparent position ill Eoi-opas sky will also oscillate in latitude. We explore this new
type ot ditirnirl elkstt on cvcloid kitination. VAt find that strew [rota obliqtiitv mac be
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the key to explaining several chinacteristics of bsorved c ycloid" such a° the shape
of equutorcrossing r yclorals tuol [ha shift in 11w ii stIt pOttenis in tint Ari.jadiiel
ilegio region. All of these imptowtpents of the fit twtwastn ohisertatioij and I henry
merit In require ,liipittel Classing Luiropits equatorial plane .Cit to 1191' Stat lrti0'i
[lajsagc.suiggestive of complex orbital dynamics that lock liii.' ilirictiori of Eutopa's
perirenter with the di action of thu ucst'arudilitç rattle at O w tirite these cracks were
torme(
Iteg words: Elirtillit. (.vcloiiJ. 'Jkcltur1in,, l)huuqtiits'
I Introduction
After the bovoger sctcecraft riveakil cvclouds in Ow lirniteul ants it irurgeni
the Fonioatiu in of c ycicuids remained unexplained until [Itijiptu irtil 'Cut s 1099)
proposal that evckiicial crurks idrrri as a tenuli of tensile crIchitig, Ill tesIlnItliSt
to u:liiirntallv carting tidal strtasis prodtur5td li
.
v lftirtipa's )!lull ti ecccntricitn'.
Ill their mwivL ci ic:k form ill thu folhiwlrtg wa y : When the
tensile st:rengi.i.0 of ci' is readied a cladz tot cuts iuerprtiiianliir to bc local
direction of the t I: utile stress alld lieginia to piopsgate across the sat face, Br
collar diurnal tidal suSan rliiiiugts ill both uotngnit tide and oOcnt at 1111. cracks
propagate itttroaii sri iver'
.-chtinittiritt stress fiokl Thin: Prtilushiutint one follow
1 ciurvjrtg path until ii reaches ii place sinai dine whets the tensile stress Is
insufficient to continue t:he pliipagatioin. The propagation n-enluiris dormant
until later itt the orbit, when the stress at the end of the crack 011th! 1111110
acm tin the tee strength At that tOrte prcupagatuori continues in ii citrentlon
lierpeinilirtliar to the dive oriu'rttstk.in of tensile stress. 'flue shape iii tine crack
i tercs'.a.hurford.lttunusagov(Tiniy A- .Hiurkrrd
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2 The Global Picture of Cycloid Formation
2.1 f.. rnisnrr / theo refical models with niSCi ution: zero
Fig. 1 shows inairs of idealised cycloids that would form at Iccatintis serum
Eutopats surface, assuming univ diurnal st rem variations esused liv the eecen--
tricky. The crack shapes shown are those that pi opagate from initlal ci:ack
sites at various locations. b<ctad at intervals of 13 in longitude and at 10'
intervals in ROt nile between 10< aud 7(1 in the north and south. VW also
model cecir ids that forrn at 5<< latitude both north and south of the equator.
Fig is shows crack patterns assuming a net westward component of prop
agation. while Fig. lb assumes the net sense of propagation is towards the
east - The cracking patterns depend on the rate of crank propagation and the
assumed ice strength values (the tension required to start and maintain crack
Jopagation) Hitirt we use parameters similar In those inferred (torn fit fing
cycloids in the southern heinisphrrre (Fiurford ef 0 2(107). Specificall y, the
initiation stress is 68 kPa, the propagation strength is 38 kPa and the elfee..
t:R'e psapagatinri speed is 4.8 km/hr. ' file crack uiaps in Fig. I are idealised, of
course, besiause details of the local paranieters cont railing crack propagation
univ influence a specific cvcIoid ' s elevelopnarnt
For toinparison. Jig. ii shows mapped cveioids acti.odiy observed on Fiuropa.
i-hart ci at (20t(,'l and (.'irrrenherg ef ci. (2003) noted hat hypothetical rood
clad cycloids reproduce mans' of the chi:iracteristics of ois:erred e yrloids: 1
The long east west t rending cvcloids obsersard in the soul hero, mid-lat:itudes
near longitude 180<' (Fig. 2) sri' similar to h
	 tiypothecal cv(:ioids at the same
1st itudes. ait:a'it cot the salon longitudes (Fig- :ia&h) - in fact.. t hiese include this
cyelrids modeled by Fioppa ci iii. (2001) and lJiu.ford ci af. 2007). (2) Long
east-west trending cycloid clitoris run (intl itte tb and south of the equator in
Fig. 1 <
 as nl.>served neal' 0" am 1811' iii. Fig. 2. Such cycloals are piorninent
near 0<' and 18(1<
 in Fig. 2 rind arc not seen at other longit mica lrer.ailse inage
resolutir:>n or coverage is inadequate or cs'eloid features have been disrapt,e1
liv chaotic terrain. (3) Nea.r 90" longitude in the Lu north> (F)g. 2) sri' ceeloils
with north .sout Ii orientations, Like the ones in f-lie hvput hctical rasp (Fig. I
they
 tu'ntl to l:ie relatively short and are located far 'froni the equator. (4) 'I'hc
formation of anguiai- or "box craidi patterns obsei viii near the rqiiator
2) is similar  to the model cracks iii Fig i in this region. Tliesu' uh.iserved 'boxy"
cve:loids he in Argadnel Regis> (often tailed tha 'Wedge' region) winch is In
carol P A south of Be siquatom and west of ISO' longitude. The ci'acks fri this
region, besides demonstrating Ow l.>oxv cycloid shapes, aist often dilated into
wedge shapes. S>rmiila.r crack patterns diametrically
 opposite (in the nort herr>.
hiemisplirre lean 0' in longitude) have t>ceni tinted (Grusul tem'g ci at, 2003:
Greenberg. 20(15), hit there thes' have not been modified b y slihat ion.
Resides matching the gcrn'l al characteristics of ol,si'rs'eii cacloids, Illaps of
idealized cycloids risight match patterns obser ted in e:vrlid dial nibutionis. (,A)
In Fig. I small zones in winch no evcloids furor are pmedi'l eel near (F and 181:1"
longit ale, In thaw sones the moaxininin tensile ,st'i'ss miver reaches a level
high eora.igh to initiate crack fortriationi, thus no cvchoids originate front> tl>es'
regions (i-h) Urclnicl patterns to the northern and Southern hemisphere ark,
symmetric. in fact, the pattern in each hstnnapliere isa mirror imageof (lis'
either, reflected about the equst on
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elitig cycloid'.' With the iclusion of i n-synehrorixis rot ationstill piotlios
zones in it cli no egeloids krni lasso 0' and 180 longitude hut the' size ot
theses zone' increase and their contests shift eastward (tons I 0. However, with
tie' reientation of the surface th y ugh n-sri n:ittons net atiole. I eatt zones
sere cycloids fail to miss may not ac Preserved in the observed cye]oid die
unbutton. Moat tip rtantly, the distrihut.ion of idealized ry, oids wititicains
the ssm:emctrv ls'twt'cn the northern and southern henusphere. Since idealized
cieloiria that funned with the stress from non-svnchroiaaus notation inducled
reptoduces the overall i'hariu'terktie's of the observed cveloids, which ivere also
reproduced be the diurnal stresses alone and full to reconcile the detailed rtiis
match itetwettit the I ealitced and observed distrihution. we will exusludi' the
effect of stress from non-sviiehronoue rotation on eveloid growth patterns in
WE paper
Similarly , a small amount of rent ient at ion by polar wantlet nukv aocouiit ar
the mismatch between the model anti the observations of tracks. Sat id et si,
(2002) found a mismatch between the model of strike-slip dislilacisittent and
ohoervationa strike-slip displacement, which the y attributed to polar wander
of Europa's ice shell. However. polar wander of the type they describe would
have shifted the. Argae.lnei Regio legion north after its formation. implying that
it formed overt further south ot its current location enhancing the aseinwetra'
tttTOS5 the equator.
In tetirriroany, 1h p main diaagns'enicnt is that the obaervettiorts do not fit the
predicted symmetry across the equator; (.)vdoids that cisses the equator are
no syitsntetrtcu and the ''boxy'' cracks just weitt of 181k are south of the
equator, while those just west, of ti' are north of the cquaitot
3 Obliquity and Cycloid Modeling
The key
 to rite edbling the observed eltau'aeterisl ice t bitt ale not (it. (he' Previous
model (Fig. I) mae be the satellites olaliquitv. If huropas orbital plane
were fixed in orientation, tlicn tidal daniping would have rapidl y rerouted any
hiP is! obliquit.v (Peale. 1974: ('ladnian ci al "
 1996). llowever, thtr ot lit platir'
is not lixe'i.l, but processes about an axis ver y close (0 Jupiter's spin axis, 'i'hiis
precession is mainly caused l yv torques from •iupitcr's oblate hgtit'e, but also
has contributions ironi interactions with In, (lanvrrtedes, and (h00o (Lieskc,
1998).
As a result of the orl:dt al precession, the e'nnfiguranon to which (lie split pale
is driven he tidal clamping is not one of zero obliquity. Instead. as liii the
Moon. IN obliquits' adjusts to a. a'ahtic snc.h that flit' spin poie, orbit tale and
local invariable pole all reniatre coplanar. Such eamilgurtitiorts have icen called
generalized C.assini states (Colomis:e. 1966; Peale. 19119: Waist, 19751 1 mouse
they are similar to behavior of the Mt tori, as Fret ettaitteitated b GD. Ctissitti
iii 1693.
H this' orbit preses::saieen is at eacly, as ssssurnied lay Illhlsatad Ra y (2000) in their
anah'ei-a of etliliquity for thee: Gtaliieien satellites, then olthiqititieaa would he tidally
damped to constant, non mw vatitica, If t;hc orbit-plane precession tel e is 1°'-
riodirahlv rnodttlat eel he interactions among flies neighisoring aeatebhit:es. ilacit
Ga' tidcdhs' damped obhit:pnties will corrcsponahirtglv ilttctatate (Ward anal do
Caniphi, 1979: Bills, 21051 (liven that affect, huropa'aa itieteri obliqttitv iz 1 
to 11.1', and oscillates lay roughl y 111G, with dominant pen ala of decades to
eetituries. Dii still longer time scales(> 110 va'ai's) flies eccentricit y aerial ma-h-
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lianges in a and U i liili the obhquits causes eh yes my iii 0. hWwA align-
ISr position WAh inspect to a hasP location above Furopis surface sillates
with an anwDoRk (42P €85 1 and west and a nog li ad amok ci ngiug slightly
the angular distance to the tidal bulge 0. The change in U plus dail y changes
in ii eorlihline yielding Be diurnally varying part ol the fiule prixiunug elastic
it rear on the surface flite Appendix A).
Fm a water --ice crust.. following Hoppui ci ii? (190b, 20111) icc use the con-
ventional values of the elastic parameters p 3_52x l0 Pa and v 033
(Fosiiirnon ci ii).. 1083) and assume a tidal response given k02 :- LW
which ci ru-esporids to a diurnal tidal amplitude of changas in the radius of
Iii ru.'Hiv coefficient	 approxiniaioly 2 ixIP I
In simulate the formation of a c yrloidal crack at a given ltesutiiin our model
as requires values for: the effective uatc of crack propagation. WhiCh litrIluly
J;oseruis length arid cuixsitu.re of the ansi: rise sense lea.stward or westward) of
Ile pn)pilgation, which deternurucs the direction of r nrvsit ore of es eh arc: the
crick initiation strength )the tension required to i isitia-te cracking) and the
crack propagation strength the tension li&ow wliish t:he crack propagation
halts). For the various eases described hlow we specify the values adopted
for eacli of We pasanietens.
4 Effects of Obliquity on Cyckdds
4 I	 IOttcuiq fi)olsil (Jgi:laid faftr-r-us
Figs ii and 9 show hvucut hetiial eiuloids forrrucd when tt I of oldiquitv is wiPed
to the model using an initiation stress of 68 kPa. a propagation strength of
3h kPi and an effect he propagation speed of 4.8 k111/hr (ill typical purism
eter choices that give generally resonahle agmeeuoerit with oi nerved cviuloid
shapes) Figs. U and 9 assume westward and eastward propagation reapssc
I velu As shown in the separate silts of logs. U and!). time pat tern (lelBnds
on where in the or-tiit  relative to perijove. .bupher crimes Loror.ia-a equatom
(ca equivalently, the angle Irons tin' ascending node to the posit ion of pericesi
en known in celestial mechanics as iii gumunent of periceniec a) Foi example.
Flu, 8) shows the Input hiedcal cvcloid pattern when Jupiter crosses Furopas
equator 1/8 of an orbit An periinvr (i.e. when j3 12) usual so 68t11.
An obhiquity of IIP is enough to break ti.ie equisui-rriiil syuunietr y seen in Fit I
ih-n- example, in Fig- (Ia and Fig Os. when tin argunusint of peru -enter is acre,
boxy" cyi:loids Just west of U longitude arc shilteil soi.ithwuini while hit)
sway
 thi.w are shifted mairthwusrih Mom cover some c yc-li siPs prupigst.e acusess
the rs4siritor
Depending Omi thu argunient of llericenter, c. the sluft iii Ito.- livpoihetic-a)
ecloid pattern chsages With _u _-: f' (Fig. Ua) (veloid [lit turns near the
equator around ho- lungitude arc shiites:h sosnthi - 6 hut wit h a 312" Fig.
01) cvcloidhs ci at tins sairie region rice' shifted north I s' .. 4' irs latitude -
With a --- 270 and 225 )Fig, (Ic & (i), these cecloids are shifted cccli fuirtlier
13	 1.-I
midi]trig 0w for of reeloids can suil uniqite'h strain formation mu
git tides. As long as the location of cycloids have Ijerut moved in longitude oulv
We their MumQu, preserving their formation or tentatoos, hue are nWWw
as 51 ettislicall significant.
5 Discussion
\Ve ham shown the tnt etc of ohhquitv on the foruotit ion of hypolitetteal e5-
cloids on Europa. Obliquity introduces a wsiponent of stress duet to the daily
rriigatioa of then tidal bulge in Lit itu.dr ht'eaking the svnintetrv in idliass'I
reach pu te 'as about the equator. Thee effects Tuavuiemutit for tostnv Of the
previously inixpiatuued char t.crtstwe of the observed cyIouei puutterli on Ito
rate surliest' Cvcoids that creiss the equator are not svotmstri ci and the
'boxy  amb list west of 1110" are wmh oh the equator. Ab qhow lust west
of (tare not [ii of the equator.
Adding ohligtutv i est.dts in u'senioide propagating sar as the f'cuatuir without
chuungirts, their esetwaril ot westward sense of propagation, now explaitliog
how such cydoids ran form. The model nOW pidicts long chains of
eqttr..cressuwg e buds near the stone longitudes its the 'box y ' patterns. It
in fact the ttoitisoiit,h shifting of these regions that give rite to the cyelbid.s
t.het cross the equator. Observations of equuitorenrossiuig egeloids rrtatri't such
u'oncentrietioo,C, rc'ar the Argadnnnl ftegio region and 1110 < it:u longitude tuwea-
'Boxy' or uungtilsa ( ,ycioc.1e t'ssetnhle the observed critsnk pattern in the Ar-
gadnel T(cgio region. west of thin sitbovtusn point (near 210 < longitude) (Bad
<it of., 200:1) Without obtiquity, moehels produce such shapes at titus iongut.ttde.
but they predict a syminct-tv about the equator. Iiowrnvtnr, observed [tail ito's
are t'ouuuxrttrted mwh of the equator and e'enteu-ed ism u ld a 1, til:uds 01 .S"S.
tiavhue the conditions needed to ldrrn angular cvdoids north of the' cquatoi
'hid not exist. when e'vchoids ill this region formed nt waile produrnutuut the
observed ass. .nnietrv, but [liii additiotl of I ho stress front the obliquit v into
the t'uuodei of cs'cloii:h .foruns.tiiin leads t,o sit uusvurrnetuv about 111C equator
wInch can sxpiuuin the observed asvnimnetrs'. A tent Is of ii degree' of obluquit,
the amutount ststirnated be Bills 2(1115) is adequate to shill the center of the
stuns-shaped cydouk south 1w at least 5' ill the Argaduiel ilegio region, if those
cracks lornied when tite argionent of Isericetiter a, was between 1110' and 31
Larger amounts of ohliquie.v would product larger shifts in lst,itode,
Moreevenr, angular cyclommhs in the Argadne'l fiegjo region have protnifli'rtt .sog
rnents with orientations that are north-i.srst/couth-weet. or nortlowest/soiah-
east - However, cycloid formation models without obliquity would pu'oduu'e en'
gitlar c eloid Willi orientation south of lilt ,
 equator. 'l'tuc
uiay rmitutetr y
 irituaelttcecl by the inclusion of stress froutu obliquity in the model
of cycloid formation also allows angular cracks with north. cast ,/soruthi'wcst
oretttatioris lii bnn produced south of the equator. Thus, moore esunplerely re
produeiuug i he angular cvclouds t2 iserveul in the Argeteirutil Begio region.
55 5 w<t iva.vi' shown, the shift iii lilt , u'vstloid patt"itu ccii he to t:he niOt Ii or
the south depending on when in the orbit ,lupit.em crosses h'dtropa's tiqostot.
Fornuatiori of [lie cu'utck pat tern in the .Argatluuel i'legio rIgiom being wish of
the equator. would require' the argitmtint of perictntenr to lot h,t't ween 1110<
and. 315'. Similarly, the "box y ' cvinloids in (lien northern hemisphere netter It'
longitude would also require the eu'gutuient of luutiicetltl'r to lie I ietweemu 180'
and 315 < . Moreover. equator-crossing cyeloihs between (I" aid 10< lomugit utele
17	 iA
spectile (vcf tiOs ma he able to ilate a more podw uppe.r wit to the sire of
Europas obllquitv (Sand t  af 2006)
1-loppa ci of. 1 POPs) ge rated predklJowz of the sense of strike-slip motion on
reps s sumisee (i.e. lit --lateral versus rig fit-latera I). using t Ire surface rats
due to diurntsl variations in stress ploduced liv Euag is iycrrit molt. Ill
W compare 1-loppas MAO to rrhsrsrrat ions Sand ci ii.), (2002) produced maps
of the observed stnik -slip inoLion seen slurp Eniopial ridges. and at tnihu; cd
cismat cli between the model and observations to polar wander. That work
should now heevisited. taking into account the ofleems of el iliquitv. which
ma be an alternative we to match the model and observation,,
lfeeent additic is To, ydoid formnrstion moOns incus on c eloid cusps (Gr(xsi -
leer and Batte-tihom mi 2008) Iii these models normal snd shear stresses are
resolved Onto he tip of the cvcloidal crack while it remains dorniarit. Shear
motion at a cntrcal point in the orbit leads to the formation of a ailcrack
whir-li propagates away from the cusp to become the next rue in I he eveloid
chain. Cusp angles will be affected iw the ratio of shear to normal stress needed
to pm odrice the next arcuate segment and will sljh[lv aliset elwracttrristics of
the inc-loin. However, these additions can not explain he formation of equator
crossing c;velcids (Fig- 3)
6 Conclusions
lcurirpc at oltlrquitv may have played a auhslrsntial ude in defining creek pat --
terns. The observed north-south astnlmetrv of es'eluids into be evidi.rmiee for
the small but finite ohliqmrity of Europa predicted by Bills (2005) Obliquity
may be the key
 to producing aspects of the observed eve-bid dist iii Otloil such
as equator--crossing ce-Sords and an as ymmetry
 in the boar' pal t sass. All of
the-re improvements of the fit between observation and theor y
 scent to require
hat the argument of perlee Fit er was lretween 180" and 34.5 nit the r iniv of ci trek
format in in suggeet;is'e if complex dvnrcnics, srit;li as a linkage Inetween LIre ret
minding node and the orbital rsnann-e Put ore modeling iii ci at-ks should not
assume that the oliliquil v is zero or lots no effect on tee-tunic formation; While
notch wore work is needed to understand the role of of iliqnitv in the tectonics
we have shown that It was probably sb-nag enough to lie included in cyr -hrid
Mid stress models
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s(t))	 1(ec(()	 a(f))cos21(i). and	 112)
4 1J(t)) 1 . 	(n(t)	 .	 (13)
)1 .:.:.:O.l,)	 .	 e(f)) sin2l(t)	 114
where the angle J(t)	 tweeti north and the 4.J( 1) t.Iii:ttioii, which describe
the Orientation (ii the principal stresses and is giver by
(f)	 ens'	 I
cos 1 sin 0(1)
With the formulation of o and c(f) in similar reference fsnais, the tliiirrial
stress. can now he evaluated. ft is often convenient to express the diurnal
stress tunscil in teems of the prmeipai stresSes, such that shear stresses are
zero.
C•	
o[	
( lii)
iil	 cI?I
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Sb11 7D	 sin 2
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i7	 Sill 2 '7....t' 	 CO52 7n -	 sill 234.)	 (118)
When , 's describes the orientation of the principal stiFss axis and is given ls
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Fig. 1 . Maps of hypot latcal eyeluids lwiiied 11sjng typical paraniete's 14.4.4.14.14.1 ti-ow
modeling cycloids near the 4.1011th polw The bull isl.lisi stress is 65 lcPa.. I il p 4. 014.55/I-
tioii 5114.15th is 88 kPa ailli the Pr4..Isigstion velocity Is 4.5 kni/lir (Hurfi)ol ci at.
211117). Oil y diurnal stress calls/il 1 I4. huopas es'ctittt&-itv contributes to the Alvns
field in which these hypothetical evi'losls form. )a) shows westward pispagli ws
eceloids while (fi) shows eycloids which PiO[4.giIt(4. towards the oalt.
The angle. '1-4.) is measured from the 0 4.i direction to the r direction.
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Fig. B, Maie of i'	 &rd propagating hY pothetickvi cvetods	 'raed at BN e,ing
ty[k1 rai'efound froe modeling eydoid Twitt 'M1th polv. The initiatiorl
t,ttes, is 68 kP th popgation tgh i 88 kPa and the p8ton veI' s
4.8 kn/I (I'Iurhe'd 0 at., 2007). Only dRirnal sftes rau,cd Lw 1nrop wcentflcl'
collilibiltes to the stwo held in which thew hyiK.ldkeliool cyeknds loon.
1i. 4. An example of n c ycloid winch t:nd mostly moth	 th n it cronm
ImtO- Most qwstoriat cmssing tv'loids do not share this h so'ierisi Ic'.
33
	 31
0
0
0
0
ii. 7. Obliquity cnlms a	 ireel migradon 4 the 1 trIal bulge in latitude. At some
point riuriag 1 ir pan orbit. .ljnter ra trigned with the iqitrial pialle of 111ropa
but ObIJ{1UJIV I ittern itt to tnovc 1101 th oft he eqrra.&orial giant until it reaehea
it, frrrthert northern point 1/4 an n1bil later (b). Thee itipiter amv,e vet Ii until
it one agaill is-gird with the equatorial plane (o) before laos- tag to is tIbet
Sr eileen print 3/4 of an orbit later (r
Wrtv.r1 Pr 4.gtirW, I yviririr 1) (iiryr ly AriJm ft ia rrrt 0
a
*40 030 300 2711 240 210 11)1 1041 1211 01) 60 Mi
liSt	 341
7)	 7
711	 74)
11 i	 1	 1	 4$
40	
.	 411
30	 .	 3021)	 -	
--	 21110
a	 -
-40	
-	 -141
60	 60
-1111	
-00
.OM1 34111 270 140 240 1043 10*1
	 1243	 30	 41*	 .34*	 Ii
Lof43iltt40
}ttt y ivf etrilords that pot gat rvtward, using typic) pai,mwtwe torrid
hour rirodeling ryciorria liter tire strut Ii pok (i-1Lrford ci aL 20117) - ()rrle diurnal
StresSr5 caused b y
 irrupt r;retteir-ity inn ii oh obliquite enitbbtite to the stress
reId in which three hypothetic) :vrlotds theta Each panel(a-h) show, a ritifen-erit
pertteirtr posrtioit arernirured rrlrrt iv to tire are-tiding node it. t:hr rrrt:inrtrtertt of
prurcvrurtcr. in trt-n-enrnts of -15.
37	 3_v
l-1' C r1 1jCollli I	 hod'. 0,1 1 Ohliquity,Ar:0,l
(1
Coil'	 3II	 1101	 3711	 240	 110	 lUll	 151	 IM	 111	 611	 OIl
soCIII
75	 15
lo
U' Xg'
-
•	 -
so
40	 40
31)	 30
Io
IS
511NK, -- -. 	 or
li0	 —KS
-_Il	 •••...,-	 :...	 -
i11I
'ill .300 270 20 1111 
4"1" 120  C.'
	 60Ill	 II
I. IIUhC1IIII'
Fig. 4.
	
10cslo.lrd Pr'porg'IIln)' I yC.rl.1 II	 I 61 ft Ar16,nuroC . Pflcc:i?r III
	
Coil'	 Sill	 CIII'	 77ft	 1.111	 'III	 Mn	 1511	 IVI	 511	 01'	 III
	
'111	 1111
	
0'	 -	 Or
	
OIl	 1"	 ,,i/
Ml
	
40 	 411
	
-.	
IC:
	
20	 20
	
LII	 -	 -- -.-	 llI
	
411	 •	 -.-	 —40
-,	
'-..	 - -
	 llI
	
CIII	
•lI	
'"	 4,'.	
".	 1,11
	—0 	
•.	
-	 i'S.
	
-1111	 -'III
'Co	 5411
	
2711	 4I;	 Ill	 11111	 CCII
	 120
	
SIC	 US	 .111
L.,,,ilLudo
Fig. F ( siiir ed
41	
42
	7	 C 'r.!,,ut-. I	 C11,1),i,,,lo A,,-,,,-,,,Iof
a	 I
	46)1 	 1111
	 270	 241l	 2,11	 '110	 1011	 1211 	 90	 60	 311
	
60	 'oF
110
So
	
411	 .-	 -	 -	 ill
	
Ill	 -- -	 .	
-	 30
	
I I , 	-..	 --	 .......................-.—	 ...-	 -	 r1r
1411
-441
--
	
.4444	 .411
4.4)1	 .340	 2 1 11 .4112411	 LII')	 40*	 *24'	 9*)	 OIl	 .311	 0
tO. htclpO (II Cy7IOld( lllt poIgHfe (lot WOIKI. 7)01115 tYj) oat paoaaoteo ou(id
from 171(111105 CYCIOldO new the 001111 ,ole I1irfool ot al. 21)(17). Only 11,77111
011-3-00(0 0111)1101 by Ei1-opaii 01 0U()lI-77'( and U. of obliquity (0011(171(17 (7) (170 .ot 7001
held hi Which 11110v hl(J1l1hl(f k-al oyok,kto ion,,. Each panel a--h) st,ao a different.
l l e iCl9fltla 5001110)1 niernrn,:t relative to (1	 C000dtllg 1111(117. (1. the 1!	 Ue,l of
ill 11700 m000s of -it'
3., .000'-d I',.j.'n,: I	 ko,l,I' Obfiq.ily, .14.11 1111 . I I .1 Po'_
Ii	 "nor',,4,
	.14	 4*1*	 3411)	 271'	 240	 70	 3144'	 1111	 120	 "C	 60	 3*
	
411	 -	 06
40
341 61'
so
40
lo
	011	 ..	 --
--	 - -
	 -MI
60
3141	 4114)	 21	 240	 210	 41441	 I"I	 1241 	 941	 60	 36	 II
Fg. 8 ( i((rif,),,,e1I
45	 46
IftS',VLI$n$P441'1fl1_ 1	 loith II I OMiqr'c. .krjauuuril i Penicnui- 22
1
	
604 .4.10 34111 20 1411 2441 4114 150 42001! 	 60	 30
Ill
64}
S.	--....	 -	 $0
40
31!	 -	 --	 -	 -	 --	 3(1
-
	
-	 -
—'II	 -	 —RI!
	
1414
	
3t414	 I'll	 240	 III'	 11141	 30	 1211	 911	 150	 .0	 I!
j:j	 9 ( ( i(!	 !!I151
l..l.1r!I Ir$joIJ(1t.Ilg1 d!.$J. c (h;l1llt!. Arg-1Orr-1 0! i11,.0l!0 IN
360 390	 3411!	 27!!	 2402}Il
	
180	 ru	 1241	 941	 411	 III
6LI
6.9-
	
7.-	
-	 ' 60
-	 -.	 --	
50
.414	 -	 -	 --	
-__	 40
311	 -	 -	
-
10	 --	 --	 -	 - -	
--	 211
so
—75	 75
0	
—
1311	 3114!	 130	 2311	 lID	 11411	 454!	 1741	 Iii	 40	 31!	 I.
I 0$0lI1!I10
	q 	 (;f)sjl!(
50
.1)
Fit With 7011 longitude shift, 0.25° obliquity, w = 3450
Lo..qiWIi.
A1)h10It1)	 2.706644)46454466,6kP.
1.31) lm,Th, 414 k6. 13 4144.	 4,31) k,464 774160, ).L3 41440
• L73 164111.r, 64441446,41606
	 4.01 41Th1M 70446. 4641).
4.17 k.,/h, 344144.., 40411).	 . ... 7.1)14.1441) Li kP,,  43,1)4160
p60)6060,60 C.l.,d, (1 (Th),qrnly A,11,,,, l ofF c,,nlo, 4'.
Ii
6044 3344 416 270 2461 210 iLl) 126 110 00 611 311
	
41	 1)14
	
7)	 75
	
744	 70
6)
	
60	 -	 60
	
60	 66
	
40	 40
	
341	 --	 30
	
II)	 ---	 -	 26
	
1 40	 -	 .-.
	 II)
	
_ l0	 -	 .-.	 411
	
-20	 -	 -	 -.-.	 263
60
	
-441	 41)
— -66
	
-6344	 60
	
-LI)	 -4414
33)1 4414) 276 246 2141 t011 4511 1244 044 	 60	 40	 0
Lo.60itLIto
fIg. 9. ()7odj
FI 	 It). A Pt 11)711106)7 hI of an 4)77)701 -71777i11g CYelUId_ 67111441 73 shown in 11g.
'he ('736-hOd 173 fit using Ow wothod ((litILl)Od in Hurkod ol ol. 2007 and the
70)7(7) of 1164' Yilrio)1S poromltet73 (C71I4:h 73pl7Od.
	 t.ioltl(I) 3t1eflgth and propogotlol)
ste Psted bllmv the figure
